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The title compound, C11H16O4, crystallizes with three
molecules in the asymmetric unit. The cyclohexane ring
adopts a chair conformation. Intermolecular O—H   O
hydrogen bonds are observed and these help to establish the
crystal packing.
Related literature
For related literature, see: Stobbe (1893).
Experimental
Crystal data
C11H16O4
Mr = 212.24
Monoclinic, P21=c
a = 10.530 (2) A ˚
b = 18.762 (4) A ˚
c = 16.982 (3) A ˚
  = 91.42 (3) 
V = 3354.2 (12) A ˚ 3
Z =1 2
Mo K  radiation
  = 0.10 mm
 1
T = 113 (2) K
0.10   0.08   0.06 mm
Data collection
Rigaku Saturn diffractometer
Absorption correction: multi-scan
(CrystalClear; Rigaku/MSC,
2005)
Tmin = 0.981, Tmax = 0.994
20420 measured reﬂections
5924 independent reﬂections
4780 reﬂections with I >2  (I)
Rint = 0.063
Reﬁnement
R[F
2 >2  (F
2)] = 0.058
wR(F
2) = 0.136
S = 1.11
5924 reﬂections
424 parameters
6 restraints
H atoms treated by a mixture of
independent and constrained
reﬁnement
 max = 0.21 e A ˚  3
 min =  0.27 e A ˚  3
Table 1
Hydrogen-bond geometry (A ˚ ,  ).
D—H   AD —H H   AD    AD —H   A
O12—H12   O11
i 0.87 (2) 1.78 (2) 2.656 (2) 175 (3)
O10—H10   O9
ii 0.95 (2) 1.63 (2) 2.586 (2) 175 (3)
O8—H8   O4
iii 0.95 (3) 1.70 (3) 2.642 (2) 172 (3)
O5—H5   O2 0.92 (2) 1.68 (2) 2.594 (2) 175 (3)
O3—H3   O7
iv 0.90 (2) 1.75 (2) 2.644 (2) 173 (3)
O1—H1   O6 0.93 (2) 1.66 (2) 2.591 (2) 175 (3)
Symmetry codes: (i)  x þ 1; y þ 1; z þ 2; (ii)  x; y þ 1; z þ 2; (iii) x   1;y;z;
(iv) x þ 1;y;z.
Data collection: CrystalClear (Rigaku/MSC, 2005); cell reﬁnement:
CrystalClear; data reduction: CrystalClear; program(s) used to solve
structure: SHELXS97 (Sheldrick, 1997); program(s) used to reﬁne
structure: SHELXL97 (Sheldrick, 1997); molecular graphics:
SHELXTL (Bruker, 1997); software used to prepare material for
publication: SHELXTL.
Supplementary data and ﬁgures for this paper are available from the
IUCr electronic archives (Reference: GW2033).
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(E)-2-(Cyclohexylmethylene)succinic acid
W. Wang, Y. Deng, X. Cao, Y. Wang and L. Qin
Comment
The title compound is obtained by the condensation between dimethylsuccinate and cyclohexanecarbaldehyde. We report
here the crystal structure of the title compound (Fig. 1).
In the title compound, C11H16O4, the cyclohexane ring adopts chair conformation. Intermolecular O—H···O hydrogen
bonds are observed. They help to establish the crystal packing.
Experimental
The title compound was prepared according to the method of Stobbe condensation (Stobbe et al.,1893). To a room temper-
ature stirred solution of 50% NaH (1.06 g, 0.022 mol) in anhydrous toluene (20 ml), a solution of dimethylsuccinate (3.2 g,
0.022 mol) and anhydrous methanol (1 ml) in anhydrous toluene (10 ml) was added dropwise. The mixture was stirred for
1 h, and then a solution of cyclohexanecarbaldehyde (2.24 g, 0.02 mol) in anhydrous toluene (20 ml) was added dropwise.
The mixture was stirred at room temperature for 3 h and water (30 ml) was added. The water phase was washed with ethyl
acetatethree times and then sodium hydroxide (3 g, 0.075 mol) was added. The mixture was refluxed for 4 and then acidified
with hydrochloric acid to PH 2 and extracted with ethyl acetate. The organic layer was dried with anhydrous Mg2SO4, and
then concentrated in vacuo. The title compound (3.65 g) was obtained in powder form in a yield of 86.1%. Crystals of (I)
were obtained by slow evaporation of a solution of ethanol (m.p. 477–478 K).
Refinement
All H atoms were positioned geometrically (C—H=0.95–0.99 Å), and refined as riding with Uiso(H)=1.2Ueq(carrier) or
1.5eq(methyl groups).
Figures
Fig. 1. A view of the molecular of (I). Displacement ellopsoids are drawn at the 30% probab-
ility level and H atoms are shown as small spheres of arbitrary radii.supplementary materials
sup-2
(E)-2-(Cyclohexylmethylene)succinic acid
Crystal data
C11H16O4 Dx = 1.261 Mg m−3
Mr = 212.24 Melting point: 477-478 K
Monoclinic, P21/c Mo Kα radiation
λ = 0.71073 Å
a = 10.530 (2) Å Cell parameters from 266 reflections
b = 18.762 (4) Å θ = 1.6–27.9º
c = 16.982 (3) Å µ = 0.10 mm−1
β = 91.42 (3)º T = 113 (2) K
V = 3354.2 (12) Å3 Block, colorless
Z = 12 0.10 × 0.08 × 0.06 mm
F000 = 1368
Data collection
Rigaku Saturn
diffractometer 5924 independent reflections
Radiation source: fine-focus sealed tube 4780 reflections with I > 2σ(I)
Monochromator: graphite Rint = 0.063
T = 113(2) K θmax = 25.0º
ω scans θmin = 1.6º
Absorption correction: multi-scan
(CrystalClear; Rigaku/MSC, 2005) h = −12→12
Tmin = 0.981, Tmax = 0.994 k = −22→17
20420 measured reflections l = −20→20
Refinement
Refinement on F2 Secondary atom site location: difference Fourier map
Least-squares matrix: full Hydrogen site location: inferred from neighbouring
sites
R[F2 > 2σ(F2)] = 0.058
H atoms treated by a mixture of
independent and constrained refinement
wR(F2) = 0.136
  w = 1/[σ2(Fo
2) + (0.0559P)2 + 0.7047P]
where P = (Fo
2 + 2Fc
2)/3
S = 1.11 (Δ/σ)max = 0.001
5924 reflections Δρmax = 0.21 e Å−3
424 parameters Δρmin = −0.27 e Å−3
6 restraints Extinction correction: none
Primary atom site location: structure-invariant direct
methodssupplementary materials
sup-3
Special details
Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full covariance mat-
rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations
between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of
cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes.
Refinement. Refinement of F2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F2, convention-
al R-factors R are based on F, with F set to zero for negative F2. The threshold expression of F2 > 2sigma(F2) is used only for calculat-
ing R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F2 are statistically about twice
as large as those based on F, and R– factors based on ALL data will be even larger.
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å2)
x y z Uiso*/Ueq
O1 0.52956 (15) 0.70841 (9) 0.41522 (9) 0.0304 (4)
H1 0.484 (2) 0.6721 (13) 0.4393 (15) 0.046*
O2 0.66462 (15) 0.69150 (9) 0.51719 (9) 0.0332 (4)
O3 0.99241 (18) 0.73367 (10) 0.54599 (10) 0.0411 (5)
H3 1.041 (3) 0.6941 (14) 0.5465 (18) 0.062*
O4 0.92339 (15) 0.68425 (9) 0.43354 (9) 0.0316 (4)
O5 0.52767 (15) 0.59208 (9) 0.57875 (9) 0.0316 (4)
H5 0.572 (2) 0.6279 (13) 0.5551 (15) 0.047*
O6 0.39596 (15) 0.60645 (9) 0.47430 (9) 0.0302 (4)
O7 0.13511 (15) 0.61815 (9) 0.55937 (9) 0.0329 (4)
O8 0.06732 (15) 0.56926 (10) 0.44624 (9) 0.0298 (4)
H8 0.022 (3) 0.6127 (15) 0.4416 (15) 0.045*
O9 0.01165 (15) 0.54289 (9) 0.91554 (9) 0.0291 (4)
O10 0.13307 (16) 0.55344 (10) 1.02487 (9) 0.0319 (4)
H10 0.078 (2) 0.5177 (13) 1.0442 (15) 0.048*
O11 0.38062 (15) 0.52336 (9) 0.94221 (9) 0.0314 (4)
O12 0.47862 (16) 0.59219 (10) 1.03214 (10) 0.0334 (4)
H12 0.529 (3) 0.5553 (13) 1.0388 (17) 0.050*
C1 0.7758 (2) 0.86243 (13) 0.23578 (13) 0.0286 (6)
H1A 0.8336 0.8210 0.2322 0.034*
H1B 0.6963 0.8508 0.2063 0.034*
C2 0.8377 (2) 0.92728 (13) 0.19892 (13) 0.0303 (6)
H2A 0.9206 0.9365 0.2258 0.036*
H2B 0.8536 0.9174 0.1428 0.036*
C3 0.7543 (2) 0.99311 (13) 0.20515 (13) 0.0283 (6)
H3A 0.6752 0.9860 0.1734 0.034*
H3B 0.7994 1.0348 0.1836 0.034*
C4 0.7209 (2) 1.00790 (13) 0.29086 (13) 0.0300 (6)
H4A 0.7989 1.0211 0.3212 0.036*
H4B 0.6611 1.0485 0.2928 0.036*
C5 0.6608 (2) 0.94265 (12) 0.32821 (13) 0.0290 (6)
H5A 0.5780 0.9328 0.3015 0.035*
H5B 0.6448 0.9527 0.3843 0.035*supplementary materials
sup-4
C6 0.7462 (2) 0.87649 (12) 0.32232 (12) 0.0232 (5)
H6 0.8277 0.8859 0.3520 0.028*
C7 0.6815 (2) 0.81489 (12) 0.35909 (12) 0.0224 (5)
H7 0.6067 0.7984 0.3325 0.027*
C8 0.7153 (2) 0.77971 (12) 0.42489 (12) 0.0217 (5)
C9 0.6326 (2) 0.72300 (12) 0.45483 (12) 0.0233 (5)
C10 0.8316 (2) 0.79437 (12) 0.47521 (13) 0.0256 (5)
H10A 0.8785 0.8348 0.4523 0.031*
H10B 0.8050 0.8088 0.5284 0.031*
C11 0.9193 (2) 0.73159 (13) 0.48279 (13) 0.0258 (5)
C12 0.1708 (2) 0.47583 (12) 0.72032 (13) 0.0254 (5)
H12A 0.2003 0.5118 0.7593 0.030*
H12B 0.1197 0.5006 0.6790 0.030*
C13 0.0883 (2) 0.42064 (14) 0.76085 (14) 0.0316 (6)
H13A 0.0163 0.4450 0.7859 0.038*
H13B 0.0531 0.3871 0.7210 0.038*
C14 0.1639 (2) 0.37941 (14) 0.82281 (13) 0.0319 (6)
H14A 0.1094 0.3418 0.8451 0.038*
H14B 0.1899 0.4120 0.8661 0.038*
C15 0.2816 (2) 0.34522 (13) 0.78859 (14) 0.0342 (6)
H15A 0.2554 0.3075 0.7508 0.041*
H15B 0.3327 0.3227 0.8315 0.041*
C16 0.3624 (2) 0.40022 (13) 0.74674 (14) 0.0300 (6)
H16A 0.4351 0.3759 0.7223 0.036*
H16B 0.3969 0.4348 0.7858 0.036*
C17 0.2857 (2) 0.44026 (12) 0.68315 (12) 0.0221 (5)
H17 0.2536 0.4047 0.6436 0.026*
C18 0.3650 (2) 0.49360 (12) 0.64108 (12) 0.0210 (5)
H18 0.4416 0.5081 0.6670 0.025*
C19 0.3392 (2) 0.52292 (12) 0.57084 (12) 0.0220 (5)
C20 0.4251 (2) 0.57730 (12) 0.53837 (12) 0.0218 (5)
C21 0.2249 (2) 0.50708 (12) 0.51964 (13) 0.0241 (5)
H21A 0.1769 0.4672 0.5429 0.029*
H21B 0.2529 0.4918 0.4670 0.029*
C22 0.1394 (2) 0.57048 (13) 0.51064 (12) 0.0245 (5)
C23 0.1341 (2) 0.74770 (13) 0.74597 (15) 0.0337 (6)
H23A 0.0935 0.7147 0.7074 0.040*
H23B 0.0662 0.7703 0.7766 0.040*
C24 0.2075 (3) 0.80494 (14) 0.70232 (16) 0.0406 (7)
H24A 0.1494 0.8293 0.6643 0.049*
H24B 0.2396 0.8409 0.7405 0.049*
C25 0.3181 (2) 0.77368 (15) 0.65866 (14) 0.0392 (7)
H25A 0.2850 0.7438 0.6147 0.047*
H25B 0.3683 0.8129 0.6359 0.047*
C26 0.4034 (2) 0.72914 (14) 0.71173 (14) 0.0330 (6)
H26A 0.4466 0.7604 0.7510 0.040*
H26B 0.4695 0.7062 0.6799 0.040*
C27 0.3288 (2) 0.67178 (13) 0.75447 (14) 0.0279 (6)
H27A 0.3868 0.6449 0.7904 0.033*supplementary materials
sup-5
H27B 0.2917 0.6379 0.7156 0.033*
C28 0.2228 (2) 0.70562 (12) 0.80172 (12) 0.0232 (5)
H28 0.2624 0.7398 0.8403 0.028*
C29 0.1525 (2) 0.65043 (12) 0.84662 (12) 0.0227 (5)
H29 0.0754 0.6334 0.8233 0.027*
C30 0.1871 (2) 0.62253 (12) 0.91624 (12) 0.0222 (5)
C31 0.1035 (2) 0.56922 (12) 0.95195 (12) 0.0214 (5)
C32 0.3049 (2) 0.64220 (13) 0.96253 (13) 0.0258 (5)
H32A 0.2806 0.6630 1.0136 0.031*
H32B 0.3520 0.6790 0.9333 0.031*
C33 0.3907 (2) 0.57935 (13) 0.97767 (12) 0.0247 (5)
Atomic displacement parameters (Å2)
U11 U22 U33 U12 U13 U23
O1 0.0250 (9) 0.0345 (11) 0.0316 (9) −0.0096 (8) −0.0043 (8) 0.0093 (8)
O2 0.0306 (10) 0.0391 (11) 0.0297 (8) −0.0028 (8) −0.0050 (8) 0.0159 (8)
O3 0.0440 (12) 0.0446 (12) 0.0337 (9) 0.0166 (9) −0.0211 (9) −0.0119 (9)
O4 0.0300 (10) 0.0369 (11) 0.0275 (8) 0.0057 (8) −0.0083 (8) −0.0069 (8)
O5 0.0248 (10) 0.0374 (11) 0.0323 (9) −0.0098 (8) −0.0041 (8) 0.0096 (8)
O6 0.0281 (9) 0.0362 (10) 0.0262 (8) −0.0030 (8) −0.0017 (7) 0.0101 (7)
O7 0.0321 (10) 0.0372 (11) 0.0288 (8) 0.0094 (8) −0.0097 (8) −0.0087 (8)
O8 0.0272 (9) 0.0369 (11) 0.0246 (8) 0.0041 (8) −0.0087 (7) −0.0017 (7)
O9 0.0263 (9) 0.0322 (10) 0.0286 (8) −0.0066 (8) −0.0060 (8) 0.0064 (7)
O10 0.0312 (10) 0.0412 (11) 0.0231 (8) −0.0089 (8) −0.0023 (7) 0.0107 (7)
O11 0.0306 (10) 0.0321 (10) 0.0312 (8) 0.0027 (8) −0.0079 (8) −0.0075 (8)
O12 0.0295 (10) 0.0379 (11) 0.0321 (9) 0.0044 (8) −0.0141 (8) −0.0088 (8)
C1 0.0292 (13) 0.0280 (14) 0.0286 (12) −0.0017 (11) 0.0026 (11) 0.0027 (10)
C2 0.0317 (14) 0.0348 (15) 0.0245 (11) −0.0047 (11) 0.0027 (11) 0.0037 (10)
C3 0.0277 (13) 0.0287 (14) 0.0284 (12) −0.0051 (10) −0.0045 (11) 0.0075 (10)
C4 0.0319 (14) 0.0266 (14) 0.0316 (12) −0.0028 (11) 0.0041 (11) 0.0023 (10)
C5 0.0299 (13) 0.0279 (14) 0.0296 (12) −0.0028 (11) 0.0057 (11) 0.0050 (10)
C6 0.0201 (12) 0.0248 (13) 0.0246 (11) −0.0032 (10) −0.0011 (10) 0.0063 (10)
C7 0.0181 (12) 0.0259 (13) 0.0231 (11) −0.0026 (10) −0.0025 (10) 0.0020 (10)
C8 0.0212 (12) 0.0224 (12) 0.0215 (10) 0.0004 (9) −0.0011 (10) 0.0026 (9)
C9 0.0213 (13) 0.0263 (13) 0.0222 (11) −0.0002 (10) −0.0013 (10) 0.0009 (10)
C10 0.0283 (13) 0.0255 (14) 0.0228 (11) −0.0017 (10) −0.0040 (10) 0.0032 (10)
C11 0.0229 (13) 0.0318 (14) 0.0225 (11) −0.0025 (10) −0.0019 (10) 0.0027 (10)
C12 0.0252 (13) 0.0252 (13) 0.0258 (11) 0.0033 (10) 0.0013 (10) 0.0053 (10)
C13 0.0259 (13) 0.0401 (16) 0.0292 (12) −0.0020 (11) 0.0049 (11) 0.0071 (11)
C14 0.0338 (14) 0.0357 (15) 0.0262 (12) −0.0073 (11) 0.0027 (11) 0.0068 (11)
C15 0.0406 (15) 0.0293 (14) 0.0325 (13) 0.0038 (12) −0.0004 (12) 0.0100 (11)
C16 0.0286 (14) 0.0307 (14) 0.0307 (12) 0.0042 (11) 0.0028 (11) 0.0063 (11)
C17 0.0244 (12) 0.0190 (12) 0.0228 (10) −0.0013 (9) 0.0009 (10) −0.0001 (9)
C18 0.0171 (11) 0.0229 (13) 0.0231 (11) 0.0008 (9) −0.0010 (9) −0.0024 (9)
C19 0.0204 (12) 0.0216 (12) 0.0242 (11) 0.0035 (9) 0.0021 (10) 0.0005 (9)
C20 0.0176 (12) 0.0255 (13) 0.0223 (11) 0.0025 (9) −0.0010 (10) −0.0001 (9)
C21 0.0237 (12) 0.0253 (13) 0.0232 (11) −0.0025 (10) 0.0012 (10) 0.0009 (9)supplementary materials
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C22 0.0203 (12) 0.0314 (14) 0.0218 (11) −0.0025 (10) 0.0017 (10) 0.0029 (10)
C23 0.0331 (14) 0.0282 (14) 0.0398 (14) 0.0045 (11) 0.0011 (12) 0.0126 (11)
C24 0.0395 (16) 0.0344 (16) 0.0474 (15) −0.0022 (13) −0.0086 (13) 0.0212 (13)
C25 0.0419 (16) 0.0454 (17) 0.0299 (13) −0.0208 (13) −0.0069 (12) 0.0131 (12)
C26 0.0290 (14) 0.0380 (16) 0.0321 (13) −0.0052 (11) 0.0036 (12) 0.0040 (11)
C27 0.0245 (13) 0.0267 (14) 0.0325 (12) 0.0002 (10) 0.0005 (11) 0.0031 (10)
C28 0.0277 (13) 0.0222 (13) 0.0197 (10) −0.0035 (10) −0.0023 (10) 0.0008 (9)
C29 0.0236 (12) 0.0221 (13) 0.0223 (11) −0.0002 (10) −0.0001 (10) −0.0022 (9)
C30 0.0236 (12) 0.0213 (12) 0.0217 (10) 0.0019 (10) 0.0013 (10) 0.0003 (9)
C31 0.0199 (12) 0.0252 (13) 0.0190 (10) 0.0026 (10) −0.0008 (10) 0.0019 (9)
C32 0.0286 (13) 0.0275 (14) 0.0213 (11) −0.0037 (10) −0.0022 (10) 0.0013 (10)
C33 0.0201 (12) 0.0345 (15) 0.0196 (10) −0.0031 (10) 0.0017 (10) 0.0015 (10)
Geometric parameters (Å, °)
O1—C9 1.292 (3) C13—C14 1.516 (3)
O1—H1 0.93 (2) C13—H13A 0.9900
O2—C9 1.252 (3) C13—H13B 0.9900
O3—C11 1.306 (3) C14—C15 1.524 (3)
O3—H3 0.90 (2) C14—H14A 0.9900
O4—C11 1.222 (3) C14—H14B 0.9900
O5—C20 1.295 (3) C15—C16 1.525 (3)
O5—H5 0.92 (2) C15—H15A 0.9900
O6—C20 1.249 (3) C15—H15B 0.9900
O7—C22 1.220 (3) C16—C17 1.530 (3)
O8—C22 1.316 (3) C16—H16A 0.9900
O8—H8 0.95 (3) C16—H16B 0.9900
O9—C31 1.238 (3) C17—C18 1.496 (3)
O10—C31 1.303 (3) C17—H17 1.0000
O10—H10 0.95 (2) C18—C19 1.335 (3)
O11—C33 1.214 (3) C18—H18 0.9500
O12—C33 1.315 (3) C19—C20 1.479 (3)
O12—H12 0.87 (2) C19—C21 1.497 (3)
C1—C2 1.522 (3) C21—C22 1.498 (3)
C1—C6 1.533 (3) C21—H21A 0.9900
C1—H1A 0.9900 C21—H21B 0.9900
C1—H1B 0.9900 C23—C24 1.526 (3)
C2—C3 1.520 (3) C23—C28 1.533 (3)
C2—H2A 0.9900 C23—H23A 0.9900
C2—H2B 0.9900 C23—H23B 0.9900
C3—C4 1.531 (3) C24—C25 1.514 (4)
C3—H3A 0.9900 C24—H24A 0.9900
C3—H3B 0.9900 C24—H24B 0.9900
C4—C5 1.524 (3) C25—C26 1.509 (4)
C4—H4A 0.9900 C25—H25A 0.9900
C4—H4B 0.9900 C25—H25B 0.9900
C5—C6 1.538 (3) C26—C27 1.526 (3)
C5—H5A 0.9900 C26—H26A 0.9900
C5—H5B 0.9900 C26—H26B 0.9900supplementary materials
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C6—C7 1.487 (3) C27—C28 1.529 (3)
C6—H6 1.0000 C27—H27A 0.9900
C7—C8 1.338 (3) C27—H27B 0.9900
C7—H7 0.9500 C28—C29 1.493 (3)
C8—C9 1.474 (3) C28—H28 1.0000
C8—C10 1.502 (3) C29—C30 1.335 (3)
C10—C11 1.500 (3) C29—H29 0.9500
C10—H10A 0.9900 C30—C31 1.472 (3)
C10—H10B 0.9900 C30—C32 1.499 (3)
C12—C13 1.526 (3) C32—C33 1.504 (3)
C12—C17 1.532 (3) C32—H32A 0.9900
C12—H12A 0.9900 C32—H32B 0.9900
C12—H12B 0.9900
C9—O1—H1 111.1 (17) C15—C16—C17 111.7 (2)
C11—O3—H3 108 (2) C15—C16—H16A 109.3
C20—O5—H5 110.8 (18) C17—C16—H16A 109.3
C22—O8—H8 109.4 (17) C15—C16—H16B 109.3
C31—O10—H10 110.7 (17) C17—C16—H16B 109.3
C33—O12—H12 111 (2) H16A—C16—H16B 107.9
C2—C1—C6 110.85 (19) C18—C17—C16 112.02 (19)
C2—C1—H1A 109.5 C18—C17—C12 111.17 (18)
C6—C1—H1A 109.5 C16—C17—C12 109.38 (17)
C2—C1—H1B 109.5 C18—C17—H17 108.0
C6—C1—H1B 109.5 C16—C17—H17 108.0
H1A—C1—H1B 108.1 C12—C17—H17 108.0
C3—C2—C1 111.55 (19) C19—C18—C17 126.8 (2)
C3—C2—H2A 109.3 C19—C18—H18 116.6
C1—C2—H2A 109.3 C17—C18—H18 116.6
C3—C2—H2B 109.3 C18—C19—C20 120.3 (2)
C1—C2—H2B 109.3 C18—C19—C21 125.4 (2)
H2A—C2—H2B 108.0 C20—C19—C21 114.26 (19)
C2—C3—C4 111.1 (2) O6—C20—O5 123.4 (2)
C2—C3—H3A 109.4 O6—C20—C19 119.2 (2)
C4—C3—H3A 109.4 O5—C20—C19 117.40 (19)
C2—C3—H3B 109.4 C19—C21—C22 111.99 (19)
C4—C3—H3B 109.4 C19—C21—H21A 109.2
H3A—C3—H3B 108.0 C22—C21—H21A 109.2
C5—C4—C3 111.0 (2) C19—C21—H21B 109.2
C5—C4—H4A 109.4 C22—C21—H21B 109.2
C3—C4—H4A 109.4 H21A—C21—H21B 107.9
C5—C4—H4B 109.4 O7—C22—O8 123.1 (2)
C3—C4—H4B 109.4 O7—C22—C21 123.0 (2)
H4A—C4—H4B 108.0 O8—C22—C21 113.8 (2)
C4—C5—C6 111.80 (18) C24—C23—C28 110.8 (2)
C4—C5—H5A 109.3 C24—C23—H23A 109.5
C6—C5—H5A 109.3 C28—C23—H23A 109.5
C4—C5—H5B 109.3 C24—C23—H23B 109.5
C6—C5—H5B 109.3 C28—C23—H23B 109.5
H5A—C5—H5B 107.9 H23A—C23—H23B 108.1supplementary materials
sup-8
C7—C6—C1 112.03 (19) C25—C24—C23 111.7 (2)
C7—C6—C5 108.97 (17) C25—C24—H24A 109.3
C1—C6—C5 109.54 (19) C23—C24—H24A 109.3
C7—C6—H6 108.7 C25—C24—H24B 109.3
C1—C6—H6 108.7 C23—C24—H24B 109.3
C5—C6—H6 108.7 H24A—C24—H24B 107.9
C8—C7—C6 128.2 (2) C26—C25—C24 112.1 (2)
C8—C7—H7 115.9 C26—C25—H25A 109.2
C6—C7—H7 115.9 C24—C25—H25A 109.2
C7—C8—C9 119.8 (2) C26—C25—H25B 109.2
C7—C8—C10 125.5 (2) C24—C25—H25B 109.2
C9—C8—C10 114.64 (19) H25A—C25—H25B 107.9
O2—C9—O1 123.1 (2) C25—C26—C27 111.6 (2)
O2—C9—C8 118.9 (2) C25—C26—H26A 109.3
O1—C9—C8 118.0 (2) C27—C26—H26A 109.3
C11—C10—C8 113.3 (2) C25—C26—H26B 109.3
C11—C10—H10A 108.9 C27—C26—H26B 109.3
C8—C10—H10A 108.9 H26A—C26—H26B 108.0
C11—C10—H10B 108.9 C26—C27—C28 110.34 (19)
C8—C10—H10B 108.9 C26—C27—H27A 109.6
H10A—C10—H10B 107.7 C28—C27—H27A 109.6
O4—C11—O3 123.6 (2) C26—C27—H27B 109.6
O4—C11—C10 123.0 (2) C28—C27—H27B 109.6
O3—C11—C10 113.3 (2) H27A—C27—H27B 108.1
C13—C12—C17 110.75 (19) C29—C28—C27 110.96 (18)
C13—C12—H12A 109.5 C29—C28—C23 111.73 (19)
C17—C12—H12A 109.5 C27—C28—C23 109.36 (18)
C13—C12—H12B 109.5 C29—C28—H28 108.2
C17—C12—H12B 109.5 C27—C28—H28 108.2
H12A—C12—H12B 108.1 C23—C28—H28 108.2
C14—C13—C12 111.4 (2) C30—C29—C28 126.6 (2)
C14—C13—H13A 109.3 C30—C29—H29 116.7
C12—C13—H13A 109.3 C28—C29—H29 116.7
C14—C13—H13B 109.3 C29—C30—C31 118.6 (2)
C12—C13—H13B 109.3 C29—C30—C32 124.9 (2)
H13A—C13—H13B 108.0 C31—C30—C32 116.53 (19)
C13—C14—C15 111.59 (18) O9—C31—O10 123.3 (2)
C13—C14—H14A 109.3 O9—C31—C30 122.18 (19)
C15—C14—H14A 109.3 O10—C31—C30 114.5 (2)
C13—C14—H14B 109.3 C30—C32—C33 112.5 (2)
C15—C14—H14B 109.3 C30—C32—H32A 109.1
H14A—C14—H14B 108.0 C33—C32—H32A 109.1
C14—C15—C16 111.2 (2) C30—C32—H32B 109.1
C14—C15—H15A 109.4 C33—C32—H32B 109.1
C16—C15—H15A 109.4 H32A—C32—H32B 107.8
C14—C15—H15B 109.4 O11—C33—O12 124.0 (2)
C16—C15—H15B 109.4 O11—C33—C32 123.3 (2)
H15A—C15—H15B 108.0 O12—C33—C32 112.7 (2)
C6—C1—C2—C3 −57.4 (3) C17—C18—C19—C20 177.59 (19)supplementary materials
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C1—C2—C3—C4 55.7 (3) C17—C18—C19—C21 −0.7 (4)
C2—C3—C4—C5 −54.5 (3) C18—C19—C20—O6 −176.6 (2)
C3—C4—C5—C6 55.6 (3) C21—C19—C20—O6 1.9 (3)
C2—C1—C6—C7 177.96 (19) C18—C19—C20—O5 3.4 (3)
C2—C1—C6—C5 56.9 (3) C21—C19—C20—O5 −178.14 (18)
C4—C5—C6—C7 −179.48 (19) C18—C19—C21—C22 114.2 (2)
C4—C5—C6—C1 −56.6 (3) C20—C19—C21—C22 −64.2 (2)
C1—C6—C7—C8 125.9 (2) C19—C21—C22—O7 −25.6 (3)
C5—C6—C7—C8 −112.7 (3) C19—C21—C22—O8 155.81 (18)
C6—C7—C8—C9 175.5 (2) C28—C23—C24—C25 55.4 (3)
C6—C7—C8—C10 −2.1 (4) C23—C24—C25—C26 −53.0 (3)
C7—C8—C9—O2 −178.8 (2) C24—C25—C26—C27 53.8 (3)
C10—C8—C9—O2 −0.9 (3) C25—C26—C27—C28 −56.9 (3)
C7—C8—C9—O1 0.9 (3) C26—C27—C28—C29 −177.58 (19)
C10—C8—C9—O1 178.79 (19) C26—C27—C28—C23 58.7 (3)
C7—C8—C10—C11 −120.5 (2) C24—C23—C28—C29 178.6 (2)
C9—C8—C10—C11 61.8 (2) C24—C23—C28—C27 −58.2 (3)
C8—C10—C11—O4 25.3 (3) C27—C28—C29—C30 82.5 (3)
C8—C10—C11—O3 −156.38 (19) C23—C28—C29—C30 −155.2 (2)
C17—C12—C13—C14 57.2 (3) C28—C29—C30—C31 179.0 (2)
C12—C13—C14—C15 −54.9 (3) C28—C29—C30—C32 0.1 (4)
C13—C14—C15—C16 53.7 (3) C29—C30—C31—O9 9.4 (3)
C14—C15—C16—C17 −55.4 (3) C32—C30—C31—O9 −171.6 (2)
C15—C16—C17—C18 −179.20 (19) C29—C30—C31—O10 −169.4 (2)
C15—C16—C17—C12 57.1 (3) C32—C30—C31—O10 9.7 (3)
C13—C12—C17—C18 178.21 (19) C29—C30—C32—C33 −120.9 (2)
C13—C12—C17—C16 −57.6 (3) C31—C30—C32—C33 60.1 (2)
C16—C17—C18—C19 160.7 (2) C30—C32—C33—O11 15.5 (3)
C12—C17—C18—C19 −76.6 (3) C30—C32—C33—O12 −165.74 (17)
Hydrogen-bond geometry (Å, °)
D—H···A D—H H···A D···A D—H···A
O12—H12···O11i 0.87 (2) 1.78 (2) 2.656 (2) 175 (3)
O10—H10···O9ii 0.95 (2) 1.63 (2) 2.586 (2) 175 (3)
O8—H8···O4iii 0.95 (3) 1.70 (3) 2.642 (2) 172 (3)
O5—H5···O2 0.92 (2) 1.68 (2) 2.594 (2) 175 (3)
O3—H3···O7iv 0.90 (2) 1.75 (2) 2.644 (2) 173 (3)
O1—H1···O6 0.93 (2) 1.66 (2) 2.591 (2) 175 (3)
Symmetry codes: (i) −x+1, −y+1, −z+2; (ii) −x, −y+1, −z+2; (iii) x−1, y, z; (iv) x+1, y, z.supplementary materials
sup-10
Fig. 1